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The purpose of any Navigation S y s t e m  is  t o  determine a v e h i c l e ' s  posi- 
t i o n  whi le  t h e  v e h i c l e  is moving o r  i t  is s t a t i o n a r y .  There are many d i f -  
f e r e n t  k inds  of Navigation Systems, each one based on a d i f f e r e n t  
p r i n c i p l e .  These p r i n c i p l e s  inc lude  Radio Navigation (LORAN-C), S a t e l l i t e  
Naviga t ion  (GPS), I n e r t i a l  Navigation ( INS) ,  Low-Frequency Radio Navigation 
(OMEGA), etc.  For Terminal Area Guidance systems such as t h e  Microwave 
Landing System (MLS) or  t h e  Instrument Landing System (ILS) a 
combination of p r i n c i p l e s  i s  used. Each n a v i g a t i o n  system provides  d i f -  
f e r e n t  n a v i g a t i o n a l  accu rac i e s .  For example, the  Global P o s i t i o n i n g  System 
p rov ides  h igh  accu rac i e s  f o r  long-term nav iga t ion  but  low a c c u r a c i e s  f o r  
shor t - te rm naviga t ion .  On t h e  o ther  hand I n e r t i a l  Navigation p rov ides  high 
a c c u r a c i e s  f o r  sho r t - t e rm naviga t ion  but  low a c c u r a c i e s  f o r  long-term navi- 
g a t i o n .  The Multi-sensor Navigation System i n c o r p o r a t e s  s e v e r a l  d i f f e r e n t  
Naviga t ion  Systems i n  one. I n  t h i s  conf igu ra t ion  t h e  combination of 
s e v e r a l  systems can provide h ighe r  nav iga t iona l  a c c u r a c i e s  and b e t t e r  
s y s t e m  r e l i a b i l i t y .  

The I n e r t i a l  Navigation System makes use of the  vehicle's a e e e l e r a -  
t i o n s  i n  a l l  d i r e c t i o n s .  By i n t e g r a t i n g  t h e s e  a c c e l e r a t i o n s  once, the  
v e h i c l e ' s  v e l o c i t y  is determined, by i n t e g r a t i n g  twice ,  t he  v e h i c l e ' s  posi-  
t i o n  is  determined (see Fig. 1). The I n e r t i a l  Navigation System e s t a b l i s h e s  
a t h r e e  axes r e fe rence  frame and measures t h e  v e h i c l e ' s  a c c e l e r a t i o n s  along 
t h e s e  axes. Then a double i n t e g r a t i o n  determines the  v e h i c l e ' s  r e l a t i v e  
p o s i t i o n  and a r e l a t i v e  p o s i t i o n  vec tor  is e s t a b l i s h e d .  F i n a l l y ,  t he  
I n e r t i a l  Navigation System has t o  determine t h e  v e h i c l e ' s  p o s i t i o n  wi th  
r e s p e c t  t o  Earth.  For t h i s  purpose the  i n e r t i a l  axes have t o  be c o n s t a n t l y  
a l i g n e d  wi th  the  E a r t h ' s  p re-es tab l i shed  axes. Therefore  s i n c e  t h e  Ea r th  
r o t a t e s ,  t he  I n e r t i a l  axes have t o  r o t a t e  too. Figs .  1-2 show a simplified 
I n e r t i a l  P l a t fo rm on which th ree  acce lerometers  a r e  sens ing  a c c e l e r a t i o n s  
i n  t h r e e  dimensions. The I n e r t i a l  P la t form is  supported by t h e  gimbals 
which s e r v e  t h e  purpose of maintaining t h e  p r e c i s e  o r i e n t a t i o n  of t he  
P la t form.  The Pla t form gimbals rece ive  informat ion  from t h e  System's 
Gyroscopes and t h e  System's Computer and make s u r e  t h a t  t he  P la t fo rm i s  
a l w a y s  l e v e l  t o  the  E a r t h ' s  su r f ace  and a l igned  towards a s p e c i f i e d  d i r e c -  
t i o n .  F ig .  3 shows t h e  block diagram of a system mechanized i n  s p h e r i c a l  
c o o r d i n a t e s ,  i n  which long i tude  (+), l a t i t u d e  (A) and h e i g h t  (R)  are 
supp l i ed .  I t  should be noted t h a t  g r a v i t y  in t roduces  unwanted components i n  
t h e  measured a c c e l e r a t i o n s  and these  have t o  be accounted f o r  and c a n c e l l e d  
by t h e  System otherwise  p o s i t i o n a l  e r r o r s  w i l l  occur and t h e  n a v i g a t i o n a l  
accuracy  w i l l  degrade s i g n i f i c a n t l y .  Another form of the  I n e r t i a l  
Naviga t ion  System i s  the  Strap-Down s y s t e m  ( s e e  Fig. 41, i n  which the  acce- 
l e r o m e t e r s  are mounted on the  v e h i c l e ' s  frame. I n  t h i s  c o n f i g u r a t i o n  t h e  
Naviga t ion  Computer p l ays  the  r o l e  of t h e  gimbals,  t h e r e f o r e  a l l  t h e  
unwanted g r a v i t y  components are computed and canceled by t h e  Computer. The 
Computer i s  a l s o  r e spons ib l e  f o r  r o t a t i n g  t h e  pre-es tab l i shed  r e f e r e n c e  
frame accord ing  t o  the  E a r t h ' s  ro t a t ion .  
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Fig. 5 shows a Multisensor Navigation System as proposed by the Ohio 
University Avionics Engineering Center. The proposed system incorporates 
Radio (LORAN-C), Satellite (GPS) and Inertial (INS) Navigation. The 
Inertial part of the system will be of low grade since the INS will be used 
primarily for filtering the GPS data and for short term stability. L O W - C  
and GPS will be used for long term stability. Fig, 6 shows different 
Navigation Systems and their characteristics. 
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Figure 1. Integration of acceleration. 

*YAW 
IN069 RIGHT) 

,*ROLL 
IIIIGHT MHIO 

"7." PLATFORM 
PITCH AX16 

"X-Y" PLATFORM 

YAW AXlS 

PITCH GIMBAL 

Figure 2. Carousel IV model platform. 
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System Mechanization 
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Figure 3. Functional block diagram of an inertial navigation 
system mechanized in spherical coordinates. 
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Figure 4. Simplified strap-down inertial navigation system. 
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Figure 5. Integrated multisensor navigation system. 
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Figure 6. Navigation system characteristics. 
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